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(57) ABSTRACT

A hollow blade of a gas turbine engine has a sacrificial
clongated damper disposed slideably i a chamber for
minimizing modes of vibration during operation. The cham-
ber 1s defined between two opposing surfaces generally
spanmng radially outward from an axis of the engine and a
face facing radially inward. The damper 1s constructed and
arranged to make loaded contact with the face via a cen-
trifugal force created by rotation of the engine.
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HOLLOW BLADE HAVING INTERNAL
DAMPER

[0001] This application claims priority to U.S. Patent
Appln. No. 61/912,293 filed Dec. 35, 2013.

BACKGROUND

[0002] The present disclosure relates to a gas turbine
engine and, more particularly, to a hollow blade having an
internal damper.

[0003] Gas turbine engines, such as those that power
modem commercial and military aircraft, include a fan
section to propel the aircraft, compressor section to pres-
surize a supply of air from the fan section, a combustor
section to burn a hydrocarbon fuel in the presence of the
pressurized air, and a turbine section to extract energy from
the resultant combustion gases and generate thrust.

[0004] The gas turbine engines typically have rows of
circumierentially spaced airfoils mounted on respective
rotor disks for rotation about an engine axis. Advanced
configurations feature shroudless hollow airfoils manufac-
tured with lightweight maternials. The airfoils are designed to
high tolerances to accommodate significant operational
requirements such as cross-winds and inlet distortion. These
requirements result 1 airfoils that may be prone to high
vibratory responses and possible aeroelastic 1instability
within some operational speed ranges. To mitigate these
cllects, the airfoils may need to be damped.

[0005] One such damper 1s shown in U.S. Pat. No. 5,232,
344, filed Jan. 17, 1992, where the damper operates under a
centrifugal force that biases the damper against both a side
skin at two transversely spaced locations of the airfoil and an
airfo1l face that faces radially inward. With more contem-
porary turbine engines, such as a geared turbine fan engine,
slow fan running speeds are more common thus enabling
production of aluminum alloy fan blades. Dampers, espe-
cially those that contact the aluminum blade skin at selected
transverse locations, may be prone to causing unwanted
wear on the blade itself.

SUMMARY

[0006] A hollow blade of a gas turbine engine according to
one non-limiting embodiment of the present disclosure
includes a first surface, a second surface opposed to and
spaced from the first surface by a first distance, a face facing
radially inward and spanning between the first and second
surfaces, a chord-wise chamber defined at least 1n part by the
first and second surfaces and the face, an elongated damper
disposed slidably 1n the chamber and having a first thickness
taken generally normal to the surfaces that 1s less than the
first distance, and wherein the damper 1s under the 1nfluence
of a centrifugal force that places the damper in a loaded
contact against the face.

[0007] In the alternative or additionally thereto, in the
foregoing embodiment the damper 1s not 1n loaded contact
with the first and second surfaces when under the mfluence
of the centrifugal force.

[0008] In the alternative or additionally thereto, in the
foregoing embodiment the hollow blade includes a retention
member projecting into the chamber from one of the first and
second surfaces and for retaining the damper in a radially
outward portion of the chamber.

[0009] In the alternative or additionally thereto, in the
foregoing embodiment the damper has a second thickness
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taken generally radially with respect to the blade, and the
retention member 1s spaced radially from the face by a
second distance that 1s greater than the second thickness.
[0010] In the alternative or additionally thereto, in the
foregoing embodiment the retention member 1s elongated
and disposed substantially parallel to the damper.

[0011] In the alternative or additionally thereto, in the
foregoing embodiment the damper 1s made of a softer
material than the face, and the first and second surfaces.
[0012] In the alternative or additionally thereto, in the
foregoing embodiment the face 1s carried by a tip portion of

the blade.

[0013] In the alternative or additionally thereto, in the
foregoing embodiment the blade 1s a fan blade and com-
posed generally of an aluminum alloy and the damper 1s
made of a softer materal.

[0014] In the alternative or additionally thereto, in the
foregoing embodiment the damper 1s cylindrical having a
first diameter that 1s equal to the first thickness.

[0015] In the alternative or additionally thereto, in the
foregoing embodiment the face 1s generally cylindrical
having a second diameter that 1s about equal to the first
distance.

[0016] In the alternative or additionally thereto, in the
foregoing embodiment the blade 1s a fan blade for a geared
turbofan engine and composed generally of an aluminum
alloy and the damper 1s made of a softer material.

[0017] In the alternative or additionally thereto, in the
foregoing embodiment the blade 1s a fan blade and the
damper 1s made of a composite material.

[0018] In the alternative or additionally thereto, in the
foregoing embodiment a lateral cross section of the damper
1s substantially orthogonal.

[0019] A hollow blade of a gas turbine engine according to
another non-limiting embodiment of the present disclosure
includes a first surface, a second surface opposed to and
spaced from the first surface by a first distance, a face facing
radially inward and spanning between the first and second
surfaces, a chamber defined at least 1n part by the first and
second surfaces and the face, an elongated sacrificial damper
disposed 1n the chamber and having a first thickness taken
generally normal to the surfaces that 1s less than the first
distance, and wherein the damper 1s under the influence of
a centrifugal force that places the damper 1n a loaded contact
against the face.

[0020] In the alternative or additionally thereto, in the
foregoing embodiment an anti-node of at least one of the
modes of vibration 1s at the location of the damper.

[0021] In the alternative or additionally thereto, in the
foregoing embodiment the hollow blade further includes a
leading edge, with the chamber being adjacent to the leading
edge.

[0022] A method of reducing mode vibrations in a hollow
blade of a gas turbine engine according to another non-
limiting embodiment of the present disclosure includes the
steps of fitting a damper slidably in a chamber defined by
opposing surfaces and a face of the blade, rotating the blade
about an axis of the engine thereby creating a centrifugal
force, biasing the damper against a radially imnward facing
face of the blade via the centrifugal force, and wearing the
surface of the damper as oppose to the opposing surfaces and
the face of the blade.

[0023] The foregoing features and elements may be com-
bined 1n various combinations without exclusivity, unless
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expressly indicated otherwise. These features and elements
as well as the operation thereof will become more apparent
in light of the following description and the accompanying
drawings. It should be understood, however, the following
description and drawings are intended to be exemplary 1n
nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various features will become apparent to those
skilled 1n the art from the following detailed description of
the disclosed non-limiting embodiments. The drawings that
accompany the detailed description can be brietly described
as follows:

[0025] FIG. 1 1s a schematic cross-section of a gas turbine
engine;
[0026] FIG. 2 15 a perspective view of a fan blade of the
engine;

[0027] FIG. 3 1s a perspective view of the fan blade;

u -

[0028] FIG. 4 15 a perspective view of the fan blade;

[0029] FIG. 5 1s an exploded perspective view of the fan
blade;

[0030] FIG. 6 1s a partial plan view of an airfoil of the fan
blade with a portion removed to show internal detail;

[0031] FIG. 7 1s a cross section of the airfoil taken along
line 7-7 of FIG. 6;

[0032] FIG. 8 15 a second example of a fan blade similar
in perspective to FIG. 7; and

[0033] FIG. 9 1s a cross section of the fan blade taken
along line 9-9 of FIG. 8.

DETAILED DESCRIPTION

[0034] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 1s disclosed herein as
a two-spool turbo fan that generally incorporates a fan
section 22, a compressor section 24, a combustor section 26
and a turbine section 28. Alternative engines might include
an augmentor section (not shown) among other systems or
features. The fan section 22 drives air along a bypass
flowpath while the compressor section 24 drives air along a
core tlowpath for compression and communication into the
combustor section 26 then expansion through the turbine
section 28. Although depicted as a turbofan in the disclosed
non-limiting embodiment, i1t should be understood that the
concepts described herein are not limited to use with turbo-
fans as the teachings may be applied to other types of turbine
engines such as a turbojets, turboshaits, and three-spool
(plus fan) turbofans wherein an mtermediate spool 1includes
an mtermediate pressure compressor (“IPC”) between a Low
Pressure Compressor (“LPC”) and a High Pressure Com-
pressor (“HPC”), and an intermediate pressure turbine

(“IP1”) between the high pressure turbine (“HP1”) and the
Low pressure Turbine (“LPT”).

[0035] The engine 20 generally includes a low spool 30
and a high spool 32 mounted for rotation about an engine
central longitudinal axis A relative to an engine static
structure 36 or engine case via several bearing structures 38.
The low spool 30 generally includes an inner shaft 40 that
interconnects a fan 42 of the fan section 22, the LPC 44 of
the compressor section 24 and the LPT 46 of the turbine
section 28. The inner shaft 40 drives the fan 42 directly or
through a geared architecture 48 to drive the fan 42 at a
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lower speed than the low spool 30. An exemplary reduction
transmission 1s an epicyclic transmission, namely a plan-
etary or star gear system.

[0036] The high spool 32 includes an outer shaft 50 that
interconnects the HPC 52 of the compressor section 24 and
the HP'T 54 of the turbine section 28. A combustor 56 of the
combustor section 26 1s arranged between the HPC 52 and
the HPT 354. The mnner shaft 40 and the outer shait 50 are
concentric and rotate about the engine axis A that 1s collinear
with their longitudinal axes.

[0037] Core airtflow 1s compressed by the LPC 44 then the
HPC 52, mixed with the fuel and burned 1n the combustor
56, then expanded over the HPT 54 and the LPT 46. The
LPT 46 and HPT 54 rotationally drive the respective low
spool 30 and high spool 32 1n response to the expansion.

[0038] In one non-limiting example, the gas turbine
engine 20 1s a high-bypass geared aircraft engine. In a
further example, the gas turbine engine 20 bypass ratio 1s
greater than about six (6:1). The geared architecture 48 can
include an epicyclic gear train, such as a planetary gear
system or other gear system. The example epicyclic gear
train has a gear reduction ratio of greater than about 2.3:1,
and 1 another example 1s greater than about 2.5:1. The
geared turbofan enables operation of the low spool 30 at
higher speeds which can increase the operational efliciency
of the low pressure compressor 44 and low pressure turbine
46 and render increased pressure 1 a fewer number of
stages.

[0039] A pressure ratio associated with the LPT 46 1is
pressure measured prior to the inlet of the LPT 46 as related
to the pressure at the outlet of the LPT 46 prior to an exhaust
nozzle of the gas turbine engine 20. In one non-limiting
embodiment, the bypass ratio of the gas turbine engine 20 1s
greater than about ten (10:1), the fan diameter 1s signifi-
cantly larger than that of the LPC 44, and the LPT 46 has a
pressure ratio that 1s greater than about five (5:1). It should
be understood, however, that the above parameters are only
exemplary of one embodiment of a geared architecture
engine and that the present disclosure 1s applicable to other
gas turbine engines including direct drive turbofans.

[0040] In one embodiment, a significant amount of thrust
1s provided by the bypass tlow path B due to the high bypass
ratio. The fan section 22 of the gas turbine engine 20 1s
designed for a particular flight condition—+typically cruise at
about 0.8 Mach and about 35,000 feet. This flight condition,
with the gas turbine engine 20 at its best fuel consumption,
1s also known as bucket cruise Thrust Specific Fuel Con-
sumption (I'SFC). TSFC 1s an industry standard parameter
of fuel consumption per unit of thrust.

[0041] Fan Pressure Ratio i1s the pressure ratio across a
blade of the fan section 22 without the use of a Fan Exit
Guide Vane system. The low Fan Pressure Ratio according
to one non-limiting embodiment of the example gas turbine
engine 20 1s less than 1.45. Low Corrected Fan Tip Speed 1s
the actual fan tip speed divided by an industry standard
temperature correction of (“T”/518.7°) in which “T” rep-
resents the ambient temperature 1n degrees Rankine. The
Low Corrected Fan Tip Speed according to one non-limiting

embodiment of the example gas turbine engine 20 1s less
than about 1130 fps (351 m/s).

[0042] Referring to FIGS. 1 through 3, a fan blade 60 has

a hollow airfoil 62 projecting radially outward from a
platform 64. The airfoil 62 spans chordwise between leading
and trailling edges 66, 68 (with respect to fan tlow), and
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radially from the platform 64 to a blade tip portion 70. The
airfo1l 62 generally has several modes of vibration during

operation including: a first bending signified by node line 1B
(FI1G. 2), a first torsion signified by node line 1T (FIG. 3) and

a first chordwise bending signified by node line 1CWB (FIG.
4). For each mode of vibration, each node line 1B, 1T,
1CWB represents the general area of minimal bending
movement with movement generally increasing at locations
turther out from each respective node line. These locations
of maximum movement are the anti-nodes of the respective
modes of vibration.

[0043] Referring to FIG. 5, the airfo1l 62 of the fan blade
60 1n the present example has opposite suction and pressure
side panels 72, 74 both spanning chordwise between the
leading and trailing edges 66, 68 and radially between the
platform 64 and airfoil tip portion 70. The suction side panel
72 has a plurality of ribs 76 projecting outward from an 1nner
surface 78 for adding rigidity to the airfoil 62 and orientated
such to minimize the modes of vibration and to improve
blade 1mpact resistance. The pressure side panel 74 also
carries an inner surface 80 that opposes the inner surface 78.
The pressure side panel 74 may, for example, be adhered to
the suction side panel 72 and ribs 76 by an adhesive. Other
bonding maternals and means may also be applied such as an
epoxy material. The blade 60 may be made of an aluminum
alloy with a titanium sheath 82 adhered to and protecting the
leading edge 66 of the airfoil 62. Although not shown, 1t 1s
understood that the ribs 76 may alternatively project from
the pressure side panel 74.

[0044] Referring to FIGS. 5 through 7, and with the blade
60 assembled, the opposing surfaces 78, 80, and ribs 76
define a plurality of first chambers 84, each filled with a
foam filler 86 that may be made of aluminum. A second
chamber 88 may be defined by opposing surfaces 78, 80, ribs
76 and a face 90 facing radially inward from and carried by
the blade tip portion 70. The second chamber 88 may not be
filled with a foam and, instead, chamber 88 loosely houses
a sacrificial damper 92. Both chamber 88 and damper 92
may be elongated 1n a chordwise direction and positioned
such that both substantially encompass the anti-node 1CWB
(see FIG. 4) for damping the first chordwise bending. That
1s, the anti-node of the 1CWB 1ntersects the longitude of the
chamber 88 and damper 92 at approximately mid-span.

[0045] Referring to FIG. 7, an elongated retention member
94 projects laterally outward from the inner surface 78 and
into chamber 88 for loosely retaining the damper 92 1n a
radially outward portion 96 of chamber 88. The damper 92
1s disposed slideably and radially between the face 90 and
retention member 94, with respect to axis A. The damper 92
may be a rod having a diameter 98, and the face 90 may have
a convex contour that may be substantially cylindrical
having a radius that i1s substantially half a distance 100
between opposing surfaces 78, 80. The face 90, damper 92
and retention member 94 co-extend longitudinally and are
substantially parallel to one-another with a distance 102
measured from the face 90 to the retention member 94 being
greater than the diameter 100 of the damper 92.

[0046] With the blade 60 fully assembled and prior to

normal operation, the damper 92 1s generally free to move
about within the outward portion 96 of chamber 88 both 1n
an axial and radial direction with respect to axis A. During
normal operation, rotation of the fan section 22 places a
centrifugal force F upon the damper 92 that biases the
damper radially outward and against the face 90 causing a
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loaded contact that 1s continuous along the full length of the
damper. The mass and stifiness of the damper 92 1s designed
and controlled to provide the maximum amount of addi-
tional hysteretic damping from the relative chordwise dis-
placement of the vibrating blade 60 and the non-vibrating
damper. The retention member 94 keeps the damper 92 1n
the chamber portion 96 when the engine 20 1s shutdown.

[0047] In the present example, the engine 22 1s a geared
turbo fan generally operating at lower fan speeds than more
traditional engines. The slower fan speeds and subsequent
reduced stress enable use of less expensive alloys for blades
(e.g. aluminum alloy) and use of hollow configurations that
together reduce weight. However, modes of vibration as
previously described remain present and are mitigated
through the use of damper 92. Furthermore, damper 92 may
be sacrificial in the sense that the damper 1s designed to wear
before wear occurs to the internal panel surfaces 78, 80 or
face 90 of the blade 60. Theretfore, the damper 92 may be of
a softer maternial that still possess the degree of stillness
required to minimize mode vibration. Such materials may be
a softer aluminum alloy or a composite material. The
cylindrical shape of the damper 92 and the ability of the
damper to rotate about within chamber portion 96 between
operational periods promotes an even wear of the damper
contact surface; and, the wear 1tself assists 1n the continuous
load contact with face 90 during operation.

[0048] It 1s further understood that any one of the foam
filled chambers 84 can be substituted for chamber 88 with
the outboard rib 76 of that chamber carrying the face 90. The
damper 92 may reduce any one of the modes of vibration or
combinations thereot, provided that the damper and chosen

chamber housing the damper extend through one or more of
the respective anti-nodes of 1B, 1T, 1CWB (see FIGS. 2-4).

[0049] Referring to FIGS. 8 and 9, an alternative example,
of the blade and internal damper 1s illustrated wherein
similar elements to the first example have similar identifying
numerals except with the addition of a prime symbol. In this
second example, a blade 60' has a damper 92' having a
lateral cross section profile that 1s substantially orthogonal
(e.g. square or rectangular) with the corners rounded to
prevent snagging and assist in movement of the damper 92'
within the chamber portion 96. The face 90' 1s substantial
planar. The damper 92' has a radial thickness 98A', with
respect to axis A, that 1s less than a distance 102' between
face 90' and retention member 94'. A chordwise thickness
92B' of damper 92' 1s less than a distance 100' measured
between surfaces 78', 80'. The longitude of the damper 92'
may not be linear and instead may mimic or simulate a
curvature of the airfoil 62'.

[0050] It should be understood that relative positional
terms such as “forward,” “aft,” “upper,” “lower,” “above,”
“below,” and the like are with reference to the normal
operational attitude and should not be considered otherwise
limiting.

[0051] It should be understood that like reference numer-
als 1dentily corresponding or similar elements throughout
the several drawings. It should also be understood that
although a particular component arrangement 1s disclosed 1n

the illustrated embodiment, other arrangements will benefit
herefrom.

[0052] Although particular step sequences are shown,
described, and claimed, 1t should be understood that steps
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may be performed 1in any order, separated or combined
unless otherwise indicated and will still benefit from the
present disclosure.

[0053] The foregoing description 1s exemplary rather than
defined by the limitations within. Various non-limiting
embodiments are disclosed herein, however, one of ordinary
skill 1n the art would recognize that various modifications
and variations in light of the above teachings waill fall within
the scope of the appended claims. It i1s therefore to be
understood that within the scope of the appended claims, the
disclosure may be practiced other than as specifically
described. For that reason the appended claims should be
studied to determine true scope and content.

What 1s claimed 1s:

1. A hollow blade of a gas turbine engine comprising:

a first surface;

a second surface opposed to and spaced from the first

surface by a first distance;

a face facing radially inward and spanming between the

first and second surfaces:

a chord-wise chamber defined at least 1n part by the first

and second surfaces and the face;
an elongated damper disposed slidably 1n the chamber and
having a first thickness taken generally normal to the
surfaces that 1s less than the first distance; and

wherein the damper 1s under the intluence of a centrifugal
force that places the damper 1n a loaded contact against
the face.

2. The hollow blade of claim 1 wherein the damper 1s not
in loaded contact with the first and second surfaces when
under the mfluence of the centrifugal force.

3. The hollow blade of claim 1 further comprising a
retention member projecting nto the chamber from one of
the first and second surfaces and for retaining the damper in
a radially outward portion of the chamber.

4. The hollow blade of claim 3 further comprising:

the damper having a second thickness taken generally

radially with respect to the blade; and,

wherein the retention member 1s spaced radially from the

face by a second distance that 1s greater than the second
thickness.

5. The hollow blade of claim 4 wherein the retention
member 1s elongated and disposed substantially parallel to
the damper.

6. The hollow blade of claim 1 wherein the damper is
made of a softer material than the face, and the first and
second surfaces.

7. The hollow blade of claim 1 wherein the face 1s carried
by a tip portion of the blade.
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8. The hollow blade of claim 1 wherein the blade 1s a fan
blade and composed generally of an aluminum alloy and the
damper 1s made of a softer matenal.

9. The hollow blade of claim 4 wherein the damper 1s
cylindrical having a first diameter that 1s equal to the first
thickness.

10. The hollow blade of claim 9 wherein the face 1s
generally cylindrical having a second diameter that 1s about
equal to the first distance.

11. The hollow blade of claim 10 wherein the blade 1s a
fan blade for a geared turbofan engine and composed
generally of an aluminum alloy and the damper 1s made of
a softer material.

12. The hollow blade of claim 1 wherein the blade 1s a fan
blade and the damper 1s made of a composite material.

13. The hollow blade of claim 4 wherein a lateral cross
section of the damper 1s substantially orthogonal.

14. A hollow blade of a gas turbine engine comprising:

a first surface;

a second surface opposed to and spaced from the first

surface by a first distance;

a face facing radially inward and spanning between the

first and second surfaces;

a chamber defined at least 1n part by the first and second

surfaces and the face;
an elongated sacrificial damper disposed 1n the chamber
and having a first thickness taken generally normal to
the surfaces that 1s less than the first distance; and,

wherein the damper 1s under the influence of a centrifugal
force that places the damper 1n a loaded contact against
the face.

15. The hollow blade of claim 14 wherein an anti-node of
at least one of the modes of vibration 1s at the location of the
damper.

16. The hollow blade of claim 15 further comprising:

a leading edge; and,

wherein the chamber 1s adjacent to the leading edge.

17. A method of reducing mode vibrations in a hollow
blade of a gas turbine engine comprising the steps of:

fitting a damper slideably 1n a chamber defined by oppos-
ing surfaces and a face of the blade;

rotating the blade about an axis of the engine thereby
creating a centrifugal force;

biasing the damper against a radially inward facing face
of the blade via the centrifugal force; and

wearing the surface of the damper as oppose to the
opposing surfaces and the face of the blade.
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